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Abstract transfer lower density. While this is a modest

An effective way to increase the luminosity in the number compared with what was achieved in
Fermilab Tevatron collider program Run2 is to improve Run1b (Fig. 2) [1], we need about 50% increases
the overall antiproton transfer efficiency. During from where we are now in Run2a (Fig. 3).

antiproton coalescing in the Main Injector (MI), about 10-
15% particles get lost. This loss could be avoided in a new
antiproton transfer scheme that removes coalescing from
the process. Moreover, this scheme would also eliminate ——

emittance dilution due to coalescing. This scheme uses a —\k

2.5 MHz RF system to transfer antiprotons from the e,
Accumulator to the Main Injector. It is then followed by a Te——
bunch rotation in the MI to shorten the bunch length so

that it can be captured by a 53 MHz RF bucket.

Calculations and ESME simulations show that this

scheme works. No new hardware is needed to implement

this scheme.
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INTRODUCTION Figure 1: Pbar intensity plot of the 8 most recent shots as

To increase the luminosity in the Fermilab TevatrorPf May 9, 2003. The first big drop is the loss during
collider program Run2, one must increase the number §Palescing. The remaining losses are in the Tevatron.

antiprotons (pbars) during collision. Currently the overall
pbar transfer efficiency stays around 65%. Where do we
lose them? From the pbar intensity plot (Fig. 1), there are
two obvious places. One is in the Tevatron, about 20%
loss from injection to collision. Another is in the Main
Injector, about 10-15% loss during pbar coalescing. It is
the latter that we want to get rid of so that the efficiency
could be improved. Moreover, the new method would
eliminate emittance dilution during coalescing, which also
helps increase the luminosity.
The present pbar transfer scheme is as follows. In the : i : :

Antiproton Accumulator, the pbars are first captured by ' * i o o e =

the 2.5 MHz RF buckets. Then they split to small piecegigure 2: Run 1b longitudinal phase space density at the

and re-captured by the 53 MHz buckets. These smalleak of the antiproton momentum distribution just prior to
pieces are transferred to the MI 53 MHz buckets angnstacking as a function of stack size, Ref. [1].
accelerated to 150 GeV. Then a reverse process, called the

coalescing, occurs. Namely, these small pieces a 14 r r
recombined in the 2.5 MHz buckets to form big bunche § # Expected (RRCBIAM)

] # Achieved (A:RCBKAM)
and rotated. These rotated bunches are once agiz ' & Measured (Meas LE) Y
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captured by the 53 MHz buckets and ejected fromthe N € |- & Peak0uly | selat

to the Tevatron. This complicated beam gymnastic o*

works. However, beam loss and emittance dilution durin § s + :’ ——

coalescing have always been a concern. In the followin Ao 21
6 ¥

sections, we propose a new scheme that will eliminal
coalescing in the process.

Unstacked Beam/ Phase Space Area

NEW SCHEME 2 Iy = -0.000145¢" = 0.058571x = U.;awzasl-—
We give a step-by-step description of how this nev 4 | |
scheme works: 0 50 100 150 200
1. The required longitudinal phase space density i Remaining Stack (mA)

the Accumulator is 6-8e10 pbars per eV-s, withFigure 3: Run2a longitudinal phase space density as a
the 1st transfer having higher density and the 9tffunction of stack size.



2. Use ARF4 (h = 4, 2.5 MHz, 9.5 V) to capture 4 Heaie 037 ¥ on extroton o

] DO0EHDD ace

bunches from the cooled core. The bucket size is B B Al Yo e
0.37 eV-s. Each bucket contains 3el0 pbars O
(Run2a goal). The bucket size will be gradually .
increased to 0.47 eV-s from the 1st to the 9th
transfer while keeping the number of pbars per 5
bucket constant. The corresponding voltage e
increase is from 9.5t0 15.3 V. v
3. Move these bunches to the extraction orbit and T
increase the RF voltage adiabatically to 100 V 1
for narrowing the bunches. B S W
4. Extract the 4 bunches and inject them into the — « Gosrne) R
carefully phase-matched 2.5 MHz RF bucket (h Rotation of 2.5 itz Ml seam ot & Gev
= 28) in the Main Injector. B A
5. The MI 2.5 MHz RF is set at its maximum tec i =l = =
voltage (60 kV). A bunch rotation will occur e i e
immediately after the injection. The bunch length d —
will be compressed to aboutt6 ns. (An 5
alternative approach is to set the Ml 2.5 MHz RF i
at the matched voltage 0.25 kV to receive the s
bunches prior to bunch rotation.)
6. Capture these bunches by the h = 588 RF in the S
MI (52.81 MHz, 693 kV). The bunch spacing L1 -
will be 396 ns. e — e
7. Adiabatically increase the h = 588 RF voltage to
1.8 MV to increase the bucket size and narrow LB P TR L CHE
the bunches. Accelerate the 4 bunches to 150 BE B Gi. s e Ul
GeV and inject them into the Tevatron. RCIE CON
8. Repeat this process 9 times. .
L
The results obtained from analytic calculations and -
numerical simulations using ESME are in general .
agreement. Both show that this scheme works. Fig. 4 are v
the plots from ESME. g
o ]
BEAM PHYSICS ISSUES O
Longitudinal Density Dilution ot i 53 bl Suciet
The longitudinal density of the antiproton beam will T e
decrease during the 9 transfers. In order to have 3el0 U e aimn
pbars per bunch, we use a bunch area of 0.37 eV-s for the e
1st transfer and 0.47 eV-s for the 9th transfer. This :
implies a 50% increase in longitudinal density from the g
present operation and requires beam study in the i
Accumulator. o
Momentum Acceptance of the Ml !
The measured aperture acceptance ap =+ 0.7% e Frer P
(i.e.,+ 63 MeV) [2]. The bucket height of the 53 MHz RF e

at 1.8 MV is+ 44 MeV. It can accommodate a 0.75 eV-sFigure 4: ESME simulation. From top down: (1) h=4 (2.5

bunch. There should not be any problem at the injection. MHz) RF capture of 0.37 eV-s pbar bunches in the
Accumulator; (2) h = 28 (2.5 MHz) RF capture of pbars in
the Main Injector at ¥ = 60 kV before the rotation; (3)
after the rotation; (4) h = 588 (53 MHz) RF capture of
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Transition Crossing in the Ml full voltage (4 MV) at injection due to tuner
sparking. This will limit the achievable bucket size
and need to be discussed with the RF group. We
assumed 1.8 MV in this study.

The pbar bunches will be 4 times more intense than
they are now when crossing the transition. But compared
with the proton bunch intensity in $29 cycle (6e10), pbar
bunch intensity (3el10) is only half that value.
Furthermore, the longitudinal phase space density of the BEAM STUDY PLAN
pbar bunches is much lower than that of the protons. Atwo-phase beam study plan is under consideration for

However, the large pbar bunch emittance (0.37-0.4iésting this new method.
eV-s) is a concern. An analysis was done for the transitio
crossing and found that both the emittance dilution ang Nase |
maximum energy spread were tolerable. They are,2.5 MHz pbar beam transfer, capture and bunch
respectively, 20% and 0.6% for 0.37 eV-s bunches, androtation:

25% andt 0.7% for 0.47 eV-s bunches. » Develop MIRF procedures:
As a fallback plan, a gamma-t jump system can be 1) RFI assistance to build and adjust 16 files for
readily implemented to improve transition crossing [3]. the required 2.5 MHz and 53 MHz RF
Another option is to use a third harmonic RF system sequence
during transition crossing. The experiment was done on 2) Use of a 2.5 MHz bunch length monitor
the Main Ring at Fermilab. The hardware exists and can ¢ Develop ARF procedures:
be installed in the Main Injector. To build and adjust ARF3 and ARF4 sequence

. . . for 2.5 MHz beam transfer to the Main Injector

Beam Loading during Bunch Rotation :
During bunch rotation using the 2.5 MHz RF in the M, Phase Il

the beam loading of the 53 MHz RF needs to be Develop procedures to maximize the pbar longitudinal

compensated. There are two possible solutions: (i) tdensity extracted from the Accumulator and determine

install a feedback and a feedforward system (which is awhat pbar longitudinal density is achievable:

on-going activity); (i) to lower the effective cavity + New version of VSA software that determines
impedance by a factor of 3-4 by lowering the screen frequency and bucket area for extraction
voltage from 2 kV to -100 V (a proposal by J. Griffin, . Test software on proton beam
which needs to be tested). « Test software on pbars left over after a shot
(abort transfers in M)
HARDWARE AND SOFEWARE ISSUES « Verify that the required 50% increase in core
An important advantage of this new method is that no longitudinal density can be achieved by doing a
new hardware is needed for its implementation. Several shot to the Tevatron with a pbar stack of at least
issues regarding hardware and software are addressed ~ 120 mA.
below:
* Although the maximum voltage of the ARF4 can ACKNOWLEDGEMENT

reach 900 V, we found that the 2.5 MHz bunch There have been helpful discussions with K. Koba, B.
rotation and 53 MHz RF Capture work better if Wechase and D. Perterson on this new method.

use 100 V instead of 900 V.
* Atechnical challenge is the regulation requirement REFERENCES

of the ARF4 to the level of several volts in order to . j . .
create a 0.37 eV-s bucket. But this is possible. [4] [1] X Braradwajp e't]c al., Fer’fn|lgtéR(§Aollll_|gErT|:Au29%8
«  There is a slight frequency mismatch between the “\ccelerator Performance, o

Accumulator 2.5 MHz RF and the MI 2.5 MHz RF &Ag"blg%): t cat
(< 3 kHz). But this can be taken care of. [5] [2] K. Koba, priva e“com_munlca on.
- The MI 2.5 MHz RF voltage can be jumped [3] W. Chou et al., D¢S|gn_ofa(.‘:amma-t Jump System
quickly from 0.25 kV to 60 kV for bunch rotation E?/ranzﬁLT(!?bCal\g::jna) Injec;%rl,l_ggoc. PAC 1997
[5]. This system has a nominal Q = 100, which r e » PP. 994-955.
. . : [4] D. Peterson, private communication.
gives a field decay time constamt = 12.7 ps. 5] B. Chase, private communication
Measurement shows the actual decay time ig ) ' ’
shorter. Therefore, it is possible to use the matched
RF buckets to receive bunches from the
Accumulator prior to the rotation (an option).
*  Presently the MI 53 MHz RF cannot operate at its



